d9) p#H#rFjT (j p) 



(12) 



"TT pT 




(B 2) 



<li)4#!f## 



(45) ^fir 0 8 # (1996) 10^ 23 0 



(51) Int. CI. 

HO IF 1/08 
C22C 38/00 
H01F 1/053 



303 



^2546988^ 

(24) «« 0 8^(1996) 8 8 8 0 



F I 

H01F 1/08 
C22C 38/00 
H01F 1/04 



303 



B 
D 
H 



3BW<D*1 (±41) 



(21) 



(22) ttj^ 0 
(65) 

(43)<k|H0 



4#®Bg61 -99752 

Hgfp61^ (1986) 4^300 

^Bg62-256411 
Bgfp62^(1987)ll^ 9 0 

¥7-9270 



(72)$£^# 



(73) ftflF*t# 999999999 

{|lr&7fTffl5UJ6T@ 7#1 * l^t^II 
<74)ftSA #S± «» (^2£) 



(72)^PJ# 



(54) [*W<D*#1 B*fttt^tfttfe*^«^ 

i 

(57) [ttft||«(OeB] 

[f»*fil] ^10-20% (OR (C CTRliY 

**tf*±JH5G*) .5— 15%OB,»»Fe±Sfc5»tt-& 
*««^£it-c 0 -10% (Of*^&-f) <o#« 

MIM (C: "CMf*, Al, Zn, S, In, Ga, Ge, Sn, Te, Cu, Pb 

^flc £300- 1 loot <d r -emmiwfri&M u -c # & ti 
sMiitfcot, «nB*«tt&jBM^e>*«^ h y 10 

y * * * Id fl(HE«tt-& AR. Fe, < B0) j£flffi*S # ft $ ^,f c R 



2 

Fe,BJ: f9fiE5&«Mfb'&*au 5 *«tt5c*MJ: 0 ft«R, 
Fe.,B-M5R«^*f3pH^V^T, *<0WSMfctt«:efc*L 

R-Fe-B**^«^|COV^-Ctt f ^ HI Bg59- 46008 
^«^, B*J«J1*«**JB35BIWSI£J|» (0gfP59^5 

wttfe*lR^tt,R.Fe, < BtB*±4ai:-rSR-Fe-B» 
£©ttffl*ttlfcfcJ: 0 R-Fe- B**^«^S:«5Si- 



( 2 ) 

3 

ffl^fc£±*@-C£>6R t Fe, ,Bffl, #MTfc5BM 

JKLT. (#KBr, (BH) ..«) «t, J6flS"J-*. 

tf> Jt f ±#b 1 0% J£A ± T & 6 o 

£ b {CR-Fe- B ^flS^O#JEESfejgtt900— 1200*C £ ^ 
nmcZZJjm (#HBBg60-100402) ^J;9f£§gLfcR 

»m*»tt»tf*VK«^» (#^BS59-2199 

04) <om&, «tt»*IBoS8RSr«l«)5*Ktt^-f 
*£feJc<fc 5»e>^fcR-Fe-B*a^<z>Bfttt^Bv\ 

-TSfctf)"?^, ^«l^it^-CI5^Ay^R<D^.-e*)6 30 
^ttSfc, ^OR-Fe-B^^^^^,[H]S&^^(0^gtC 

aa as & <o mm <o m m & &> o tt . 

rfrfcBIMfcttS»fcO^T«:, 4* HfiBg60- 54406^- 

BIMfctt&«#fti;::fc^-ct> f ^OMIS+I^io 
i-&»*L*s*>0, B«fctt#*#i:frtr^JBi\ iT&fc> 40 

y#0*oB|ftjbtt*R-Fe-B»«^JC^-r5 

tt, 

(1) *«ttA«ffi*offi«^J:S4*ttrRl± 

(2) 8Wn^&tt«ftJ:te*5#^Si3 8fc# 

(3) «^*OR»»ffiSrfi«*-fr5i:t^J:t) f 

y^o»oB»{ktt*ft^Sr fclcJ:5BA 



4*lf 2 5 4 6 9 8 8 

4 

20%OR (r£^RttY«r*fr*±3K5c*) ,5-15%<D 
B t »ai5FeJ:9ft*Sttt*4fc»*fc, »«**JttrO-10 
% (Ott^lfci*) <D#«tt&*M (r^tfMftAl.Zn. 
S, In, Ga, Ge, Sn, Te, Cu f PbOF*9tf>^& < £ t>— @(Dtc^, 

^^iSvhys/^^l 3 fctMeattt-frAfc Fe, < B<D1£M 3 
tiL&ftWC £ tbfcR 2 T, « B-M»*^«^ £ , mJffiR* T, < B- 
M»*^«^(0*ffiJj:«[«*tt*:BSfcft^ y^-JifcSr* 

S, In, Ga, Ge, Sn, Te, Cu, Pb<£>4>&< £ t>— @£>7C 

i ) #m&&m &m v * r adjbe^-t s - 1 k j; s 
» £ nr # i d m m -r z> Br <o n _t 

4) «^4><OR»WffiSr(B:«*^rSr.4:tJ:J: 0 * s/* 

KJi<o«llfi»j:J:0a(iSW-afe»»*^i«< > jftv^BS^#tt 
$r*U, U*»f>B»flSttKi«*tfcBtWr»«rlitt-r*i 

(Ri - « - r Fo m B r ) i - iM t — ( 1) 

5 «KJid* f ^v^^btt6o *fc (i) 

x, yttM^F5>^"C0. 65^ x ^0. 85, 0. 05^ y ^0. 15, tf3{$ 
a«MfcJt"C0< t ^0. 1 

•Cfc^>o Fe<0*A5#"f-tf<5 i:BrttfplJi-r^ t><^<OHctt^ 

^i:fiTt^ ^*-r^5tBro<ST^«t r> (BH) ...a* 

M^-r^^c^, m^-^-^-CO.65^ x ^0.85^: Lfc 0 Btt 



( 3 ) 



4£f* 2 5 4 6 9 8 8 



(1) ^^tt^^05|Sfm,-,- r F ol B r COffi^^^ 
X teJ£$&# £300— 1 100^ (O H T, 5~5000kg/cm 

^ r T^f^njE^^Omffi £300—1 100<C£ bfc<D 

(i, 3oot:^«^(i^^o^^^^{b^iiin-f , iioo 

<,Ni,Cr, Zn^c^^^^^-r^^MX^^y S> 

SB - 



<*iS0y- 1 > 

4« t?*fflS*PS»^ ot r> Nd, , Fe 8 , a OJB*Sr^ri-5Nd, Fe 
^J£-C.95vol%<h: U ^£&5vol%£MS99. 9%J£XJbOZ 



n, Al, S, In, Ga, Ge, Te, Cu, ?bffi3l<D b f&M t L7cil 

^IT, Nd, 3 Fe, , B* t *»tt»*cO«^|&5|c 

£#7c 0 ^n??, ^^^r,20K0e^^^^T1.0t/cm 2 <7)JK 

^^^ufc^K^^eoo^^o^aT-ei.ot/cm 2 o 

iKSmH (Jis-z-2371) SrfrofcJfgjP:, *»MJiiJ; 

t£ T # *l /c^ ^ E ci £ 0 5 £ £ C T V * fc 0 
fe^JKSBjSfe^J; U»e>ttfcNd,sFe,.B-<0|afifcS:^r 





Ufa®. \ CuTife^ v * +Hi * v =¥ 


SMc 1 — , 


Br 
(kG) 


(BH)max 
(MGOe) 


1 He ! Br 
(kOe) S (kG) 


(BH)max 
(MGOe) 


1 He 
(kOe) 


Ndj 2 • s Fe7 7 Bb . 7 Zns 


13.5 


42.2 


10.8 j 13.4 


42.0 


10.5 


Ndj 2, -4Fe7 7.aBB. 7AI4. 7 


14.0 


45.0 


12.5 


14.0 


45.2 


12,8 


Ndi 2. &Fe7 e . eBs • 8 Ins 


13.6 


42.1 


10.5 


13.5 


42.0 


10.9 


Ndj 2 • 6 Fe? 7 . 7 Be . e S4 


13.9 


42.0 


10.0 


13.7 


41.0 


10.2 


Ndj 2 • & Fe7 a Bb • & Ga» • 7 


13.5 


40.5 


11.5 


13.4 


40.7 


11.0 


Ndj 2 . 6 Fe7 . e Bb . e Cea . 7 


13.7 


40.0 


10.8 


13.7 


40.0 


10.5 


Ndj 2 . 7 Fe7 s . a B6 . 8 Tea . 1 


13.8 


38.0 


7.5 

1 


13.7 


38.2 


7.0 


Ndj 2.7 Fe7 e . 7 B6 • a SlDa • a 


13.6 


41.0 


10.6 


13.6 


41.2 


11.0 


Ndj 2- aFe7 bBb. bCub. 1 


13.4 


39.0 


9.0 


13.3 


38.8 


9.2 


Ndj 2 • s Fe7 9 . 1 B5 , 9 Pb* . 2 


13.3 


38.5 


9.5 


13.3 


38.0 


9.6 



( 4 ) 



2 5 4 6 9 8 8 



8 





&Mm \ CuT«fe> v * +Hi ^ ^ * 


mm 1 — — | 


Br 

(kG) 


(HO max 
(MCOe) 


1 He i Br 
(kOe) | (kG) 


(BH)max 
(MGOe) 


1 He 
(kOe) 


Ndi j Fe« i Be 


1.0 


0.2 


<1 I LO 

i 


0.3 


<1 




Ndi 5 Fe? a B7 


12.8 


38.2 


9.5 | 12.8 


38.0 


9.0 | 



10 \c± vm&<nm&mz.£ vnbtizR-Fe-Bmm^x 



(56)#%^ # HI Bg60- 54406 (JP, A) 

4#HBBg60- 100402 (JP, A) 



Bibliography 



(19) [Publication country] Japan Patent Office (JP) 
(12) [Kind of official gazette] Patent official report (B-2) 
(1 1) [Patent number] No. 2546988 
(24) [Registration date] August 8, Heisei 8 (1996) 
(45) [Publication date] October 23, Heisei 8 (1996) 

(54) [Title of the Invention] The permanent magnet excellent in oxidation resistance 

(51) [International Patent Classification (6th Edition)] 

H01F 1/08 

C22C 38/00 303 

H01F 1/053 

[FI] 

H01F 1/08 B 
C22C 38/00 303 D 
H01F 1/04 H 
[Number of Invention(s)] 1 
[Number of Pages] 4 

(21) [Application number] Japanese Patent Application No. 61-99752 

(22) [Filing date] April 30, Showa 61 (1986) 
(65) [Publication No.] JP.62-25641 1 f A 

(43) [Date of Publication] November 9, Showa 62 (1987) 
[Appeal or trial number] Taira 7-9270 
(73) [Patentee] 

[Identification Number] 999999999 

[Name] Incorporated company Tokin Tbk^ Ccv^ckdfc** 
[Address] 6-7-1, Koriyama, Taihaku-ku, Sendai-shi, Miyagi-ken 
(72) [InventoKs)] 
[Name] Otsuka ** 

[Address] 7-1, Koriyama 6 chome, Sendai-shi Inside of a northeast metal industrial 
stock type firm 
(72) [InventoKs)] 
[Name] Otsuki Etsuo 

[Address] 7-1, Koriyama 6 chome, Sendai-shi Inside of a northeast metal industrial 
stock type firm 



(72) [Inventor(s)] 
[Name] Sasaki Kin-ya 

[Address] 7-1, Koriyama 6 chome, Sendai-shi Inside of a northeast metal industrial 
stock type firm 
(72) [Inventor(s)] 
[Name] Fujiwara Teruhiko 

[Address] 7-1, Koriyama 6 chome, Sendai-shi Inside of a northeast metal industrial 
stock type firm 
(74) [Attorney] 
[Patent Attorney] 

[Name] Goto Yosuke (outside binary name) 

[Conference object] 

[Appeal examiner-in-chief] **** ** 

[Hearing examiner] Ono Hideyuki 

[Hearing examiner] Yamada ** 

(56) [Reference] 

[References] JP,60-54406,A (JP, A) 
[References] JP,60-100402,A (JP, A) 



I t 



[JP,2546988,B] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

(57) [Claim(s)] 

[Claim 1] The end of a magnetic alloy powder it consists of R (rare earth elements 
with which R contains Y here), and 5 - 15% of B and Remainder Fe with atomic percent, 
[ 10 - 20% of ] It is 0 - 10% (0 does not contain) of non-magnetic metal M (M here) at 
volume percentage, the compound between at least a kind of elements of aluminum, 
Zn, S, In, Ga, germanium, Sn, Te, Cu, and the Pb(s), and these elements, and the alloy 
of these elements and rare earth elements — and — or mixed powder with the 
powder of the alloy of such elements and B, or its Plastic solid The R2T 14 B-M 
system permanent magnet with which the crystal grain of said magnetic alloy 
R2Fe14B was distributed in the matrix which is the permanent magnet obtained by 
carrying out pressing between heat under the temperature of 300-1100 degrees C, 
and consists of said non-magnetic metal M, The permanent magnet excellent in the 
oxidation resistance characterized by having the oxidation-resistant deposit covered 
by the front face of said R2T 14 B-M system permanent magnet. 

[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the R2Fel4 B-M system magnet ingredient which has 
improved the oxidation resistance in the R2Fel4 B-M system magnet ingredient which 
consists of the rare earth elements (it outlines Following R) containing Y, an 
intermetallic compound which consists of Fe and B, and a nonmagnetic element M. 
[Description of the Prior Art] 

The R-Fe-B system permanent magnet is stated to a JP,59-46008,A official report and 
the 35th time study materials (May, Showa 59) of the Magnetics Society of Japan. 
Although the method of manufacturing a permanent magnet with an ordinary pressure 
sintering process is shown in the end of a R-Fe-B system alloy powder R2Fel4 B phase 
is made into the main phase, the sintering process of a there applies the technique 



established by manufacture of a Sm-Co system permanent magnet to these reference. 
When manufacturing a R-Fe-B system permanent magnet with this ordinary pressure 
sintering process, that eburnation is accomplished by liquid phase sintering 
accompanying the appearance of a high Nd phase (liquid phase). So, in a sintered 
compact, Nd rich phase which is a liquid phase component phase exists besides B rich 
phase which is the R2Fel4 B phase and nonmagnetic phase which are the main phase 
which is a magnetic phase, and an oxide phase. Generally with this system magnet alloy, 
a magnet property (especially Br, (BH) max) changes corresponding to the abundance 
ratio of each [ these 1 phase. The volume percentage of these nonmagnetic phase in the 
sintered compact obtained according to the present process is about 10% or more. 
Moreover, since in ordinary pressure sintering a liquid phase component was needed 5% 
or more by volume percentage in order to obtain sufficient eburnation, there was a 
limitation in the magnet property acquired by ordinary pressure sintering. 
Furthermore, since ordinary pressure sintering of a R-Fe-B system magnet is performed 
at the elevated temperature of 900-1200 degrees C, contraction is large, and since a 
deterioration phase is produced on a sintered compact front face, there is a limitation 
also in the yield by dimensional accuracy. 

even if its magnet property is alike and low compared with a sintered magnet since the 
R-Fe-B thin band produced by the approach (JP,60- 100402, A) by the glow pure method 
of the super-quenching (based on melt spinning process) matter has isotropy 
magnetically, and it anisotropy-izes by plastic deformation on the other hand using this 
thin band - the crystalline structure in a thin band - essential - etc. - since it is 
direction-like, a property equivalent to a sintered magnet cannot be desired. 
Moreover, since the amount of the nonmagnetic binder which fills the opening between 
magnetic powder needs at least 20% or more by volume percentage in the case of an 
injection-molding method and a bond magnet method (JP,59-219904,A), a property is 
very low compared with other methods. 
[Description of the Prior Art] 

The corrosion resistance of the R-Fe-B system magnet obtained by the sintering process, 
especially concerning the corrosion resistance of these R-Fe-B system magnet is bad. 
This is because the rare earth elements which are very easy to oxidize in atmospheric 
air, and Fe are contained, and originates in the corrosion resistance lowness of R rich 
phase of the liquid phase component phase which is almost only R especially by the 
presentation ratio. So, when this R-Fe-B system magnet is built into equipments, such 
as a magnetic circuit, degradation of the property by magnetic oxidization and variation 
arise. Moreover, there was a problem of contamination of the circumference components 



i I 



by scattering of the oxide generated from a magnet. 

These oxidation resistance improvement is shown in JP,60-54406,A. However, also in 
the oxidation-resistant improvement approach shown in this official report, in order to 
use a lot of water into the down stream processing, a possibility that an R-rich phase 
may oxidize is especially in down stream processing, and it is hard to say that oxidation 
resistance is enough. That is, it was very difficult to give the oxidation resistance which 
plating has to a R-Fe-B system magnet. 

This invention is reducing R rich phase in the yield improvement (3) magnet by the 
improvement in improvement in property (2) product dimensional accuracy solving 
these troubles and according [ the object ] to reduction of (1) non-magnetic-metal ****. It 
is in offering the magnet ingredient which realized corrosion resistance improvement by 
giving the oxidation resistance which plating originally has. 
[Means for Solving the Problem] 

It is the end of a magnetic alloy powder this invention consists of R (rare earth elements 
with which R contains Y here), and 5 - 15% of B and Remainder Fe with atomic percent 
in order to attain the above-mentioned object, [ 10 - 20% of ] It is 0 - 10% (0 does not 
contain) of non-magnetic metal M (M here) at volume percentage, the compound 
between at least a kind of elements of aluminum, Zn, S, In, Ga, germanium, Sn, Te, Cu, 
and the Pb(s), and these elements, and the alloy of these elements and rare earth — and 
— or mixed powder with the powder of the alloy of such elements and B, or its Plastic 
solid The R2T 14 B-M system permanent magnet with which the crystal grain of said 
magnetic alloy R2Fel4B was distributed in the matrix which is the permanent magnet 
obtained by carrying out pressing between heat under the temperature of 300-1100 
degrees C, and consists of said non-magnetic metal M, It is characterized by having the 
anti-oxidation deposit covered by the front face of said R2T 14 B-M system permanent 
magnet, here — non-magnetic metal — the compound between at least a kind of element 
of Zn, aluminum, S, In, Ga, germanium, Sn, Te, Cu, and Pb, and these elements, and the 
alloy of these elements and rare earth elements — and — or the alloy of these elements 
and B ~ it is — powder or magnetic powder — any of a physical and chemical surface 
coating layer are sufficient. Moreover, although the pressing between heat is possible 
also at the so-called hotpress, a hot isostatic press, extrusion, and a hotpress 

and extrusion are suitable from the point of product dimensional accuracy. 
An oxidation-resistant deposit is formed in the front face of this pressing object between 
heat. 

That is, at this invention, it is 1. Acceleration 2 of the eburnation by carrying out 
pressing using non-magnetic metal Raise 3 in the coercive force of the magnet by 



wrapping a magnetic particle in a smooth interface The pressing between heat is used, 
The reduction using floating of a nonmagnetic phase, and the plastic deformation of a 
magnetic phase of a nonmagnetic phase, and improvement 4 in Br which originates 
control of the reaction of the non-magnetic metal and the magnetic phase by short-time 
eburnation in both Corrosion resistance improvement by giving the oxidation resistance 
which plating original has by reducing R rich phase in a magnet to a magnet product. 
By the above function, product dimensional accuracy is high, it has a high magnet 
property, and the magnet ingredient which was moreover excellent in oxidation 
resistance can be offered. 

The permanent magnet ingredient with which this invention is applied is general 
formula (Rl-x-yFexBy) 1-tMt. - (1) 

It comes out, and although shown, a kind or two sorts or more in the rare earth 
elements with which R in a formula contains Y are used here. Moreover, in (1) type, 
0.65<=x<=0.85, 0.05<=y<=0.15, and t of x and y are 0< t<=0.1 in volume percentage at 
an atomic fraction. Although Br improved when there were too many amounts of Fe, He 
fell extremely, and if too few, in order that (BH) max might decrease by lowering of Br, it 
was set to 0.65<=x<=0.85 with the atomic fraction. Although B brought remarkable 
effectiveness to improvement in a magnet property, if 0.15 was exceeded with an atomic 
fraction, since it would produce property degradation, it was set to 0.05<=y<=0.15. 
Moreover, when non-magnetic metal M has too many amounts, its lowering of Br is 
remarkable, and since the object of this invention is not suited, it is set to 0< t<=0.1 by 
volume percentage. 

The magnet ingredient shown by (1) is manufactured by performing the powder which 
has the presentation of Rl-x-yFexBy, a non-magnetic metal element and the mixed 
powder of alloy M powder, or a green compact in a 300-1100-degree C temperature 
requirement, and performing pressing between heat by 5-5000kg/cm2 pressure-ization. 
Temperature at the time of the pressing between heat was made into 300-1100 degrees 
C here, because eburnation with a Plastic solid sufficient at less than 300 degrees C was 
not able to be attained, but a reaction with grain growth of a R-Fe-B magnetic particle 
and this magnetic phase, a nonmagnetic element, or an alloy became remarkable above 
1100 degrees C and a good magnet property was not acquired. 

Moreover, by less than 5kg/cm2, since the pressing pressure between heat cannot attain 
eburnation with a sufficient Plastic solid, it is necessary to make it into 5kg/cm2 or more. 
Furthermore, plating processing is performed in order to give oxidation resistance to 
the magnet ingredient manufactured by the above-mentioned process. This plating 
processing should just be compound plating of the metal which has oxidation resistance, 



such as nickel, Cr, and Zn, alloy plating, nickel, Cr, etc., etc. that what is necessary is 
just to use the plating art usually performed. The art is performed by no electrolyzing or 
electrolytic plating, and Cu substrate plating usually applied to Fe system ingredient 
can also be used for it. 

Moreover, the thickness has 25 micrometers or less more desirable than dimensional 
accuracy, a cost side, and an oxidation-resistant field. 
The example is described below. 

<Example -1> The ingot which makes the main phase the Nd2Fel4 B phase which has 
the presentation of Ndl3Fe81 B6 by high-frequency heating in an argon ambient 
atmosphere was obtained using Nd-Fe-B of 95% or more of purity. Next, after carrying 
out coarse grinding of this ingot, wet grinding of it was carried out to the mean particle 
diameter of about 4 micrometers using the ball mill. Next, the mixture which made 
95vol% this obtained impalpable powder with the mixing ratio, and made remainder 
5vol% one kind in Zn, aluminum, S, In, Ga, germanium, Te and Cu of 99.9% or more of 
purity, and Pb powder was adjusted, homogeneity distribution mixing of this mixed 
powder was carried out with the ball mill, and the mixed powder of nine kinds of 
Ndl3Fe81 B6 and nonmagnetic powder was obtained. After fabricating these powder by 
the pressure of 1.0 t/cm2 in 20KOe field, the hotpress of the pressure of 1.0 t/cm2 was 
applied and carried out for 15 minutes under the temperature around 600 degrees C in 
a vacuum. Next, after carrying out substrate plating of Cu for the obtained magnet 
ingredient, electrolysis nickel plating was performed. When the plating thickness of this 
Cu+nickel was measured, it was 15 micrometers in 5-micrometer max at min. The 
magnet property of the magnet ingredient obtained from the hotpress which has not 
carried out plating processing for the test piece carried out in these plating processing 
and the comparison, and the sintered magnet which has the presentation of NdlSFe 
eight B7 which performed plating processing like the above is shown in the first table. 
Moreover, that to which oxidation resistance carried out Cu substrate plating +nickel 
plating processing of these magnets at the magnet obtained with the hotpress by this 
invention as a result of performing a salt spray test (JIS-Z -2371) for 48 hours had not 
produced change at all. However, in the magnet front face obtained with the hotpress 
which has not performed plating processing, rust was produced in the whole surface. 
Furthermore, rust also produced the sample which carried out Cu+nickel plating in the 
sintered magnet which has the presentation of Ndl5Fe 78B7 obtained by the sintering 
process, and breakaway of the plating film had arisen. 
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[Effect of the Invention] 

As stated above, in this invention, pressing between heat is performed for the body in 
the magnetic powder which makes R2Fel4 B phase the main phase, the mixed powder 
obtained from non-magnetic metal powder, or the end of powder compacting. The sake, 
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